An 18-year-old woman with no previous medical history presented to an outside hospital facility with acute chest pain. She had mild shortness of breath, particularly with exertion, for the prior 2 months.
Two days prior to presentation, she suddenly developed sharp, pleuritic pain immediately after water polo practice. The pain was worse with exertion. She denied trauma to the chest or prolonged, deep submersion under water. She had no fevers, chills, rhinorrhea, sinus congestion, cough, or palpitations. She took no prescription or over-the-counter medications. She was currently on her college water polo team, and until this acute episode showed no functional limitation. She did not smoke tobacco or use other inhalational illicit drugs. She had no history of perinatal or childhood respiratory illness. Her parents, brother, and sister were healthy without any respiratory illness or connective tissues disease.
Examination on presentation revealed normal vital signs, including a heart rate of 65 beats per minute, blood pressure of 113/70 mm Hg, and oxygen saturation of 100% while breathing room air. She was not in distress, and she was noted to be tall and thin. Her respiratory examination revealed decreased breath sounds at the left basilar and mid-lung zones, and her lungs were otherwise clear without wheezes or rales. The rest of her physical examination was normal and unremarkable.
Chest radiography (Fig 1) revealed a large left pneumothorax with depression of the left hemidiaphragm, shift of the mediastinum to the right, and left apical blebs. Since she remained hemodynamically stable, emergency needle decompression was not necessary. Pediatric surgery was consulted. At their recommendation, she underwent video-assisted thoracoscopic surgery with resection of apical blebs and mechanical pleurodesis. Pathologic examination of the excised lung tissue (Fig 2) revealed subpleural blebs and bullous emphysema with fibrosis and chronic inflammation.
She was referred to a pulmonary specialist at our tertiary care center for follow-up after this acute event and subsequent surgical intervention. Pulmonary function test results were consistent with mild obstructive lung disease, with a ratio of FEV 1 to FVC e110 Chest Imaging and Pathology for Clinicians of 69%, and an FEV 1 of 84% predicted. The total lung capacity was 122% predicted, and the diffusion capacity was normal. An echocardiogram showed normal biventricular function and no valve dysfunction. A high-resolution CT scan of the chest without intravenous contrast was performed (Fig 3) , which showed decreased lung parenchymal density in the left upper lobe, as well as dilation of the left upper lobe anterior segmental airway with retained secretions. The initial diagnostic considerations were bronchial atresia and Swyer-James syndrome. Quantitative imaging analysis (QIA) was applied to the CT images (Fig 4) . Using an emphysema score cutoff of -950 Hounsfield units, there was increased emphysema noted in the left upper lobe (19% of the lobar volume) and middle lobe (10% of the lobar volume). The remaining lobes had 5% to 3% of their lung volume in the emphysematous range.
What is the diagnosis? Figure 4 -Representative axial (A), sagittal (B), and coronal (C) images from the chest CT scan. Quantitative imaging analysis was then applied to the respective images (D-F) and highlights the areas of emphysema in the bilateral upper lobes (green), middle lobe (red), and bilateral lower lobes (yellow). Computational analysis, using -950 Hounsfield units as a cutoff, shows that the left upper lobe consists of 19% emphysematous lung and that the middle lobe is 10% emphysematous. The remaining lobes have less than 8% lung tissue that is below the Hounsfield unit cutoff for emphysema, which is consistent with normal lung parenchyma. Congenital lobar emphysema (CLE) is characterized by overdistension of the one or more affected lobe(s) of the lung with compensatory compression or shift of the others. It is most often diagnosed in infancy (average age of 5 months at diagnosis), although it can rarely present later in childhood or adulthood. 1 The incidence of CLE is 1 in 20,000, with a higher prevalence in men. The left upper lobe is the most commonly affected lobe, the middle lobe is the second most common site, and the lower lobes tend not to be affected. 2 CLE is thought to develop from extrinsic or intrinsic bronchial obstruction during fetal development or an alveolar abnormality. Typically, bronchial cartilage dysplasia or obstruction leads to bronchial collapse and then airways obstruction with exhalation. Persistent airways obstruction leads to air trapping and lobar expansion. However, in up to 50% of cases no pathologic airway abnormality is identified. Rarely, CLE is associated with other cardiopulmonary malformations, such as bronchial atresia, bronchogenic cysts, patent ductus arteriosus, pulmonary artery sling, anomalous pulmonary artery venous return, teratoma, or neuroblastoma. 1, 3 Patients typically present in infancy with significant symptoms of dyspnea, tachypnea, wheezing, cough, and cyanosis. 1, 3 Less often, patients remain asymptomatic, and CLE is discovered incidentally on chest imaging later in life. Diagnosis is made on the basis of clinical history, chest radiograph, and CT scans of the chest showing emphysema of the affected lobe with associated hyperinflation. Nuclear ventilation-perfusion imaging can also show reduced ventilation and perfusion of the affected lobe. 1 Of those presenting with symptoms in infancy, about 80% survive. Surgical resection is often proposed, but studies show that unless very symptomatic, surgical intervention and conservative management may have similar outcomes.
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When CLE is identified later in life, patients are often treated with clinical observation. 3, 4 There are case reports that suggest surgical resection can be effective in older children or adults if patients have significant obstruction on pulmonary function testing and are notably symptomatic. 5 There has been one other case report of an adult presenting with spontaneous pneumothorax secondary to CLE, which in this case was located in the middle lobe. 6 That patient underwent video-assisted thoracoscopic surgery with resection of the bullae and pleurodesis, and no further intervention was needed. CLE diagnosed in adulthood remains a rare disease, and presentation by spontaneous pneumothorax is even more esoteric.
Radiologic Discussion
The typical radiographic appearance of CLE on chest radiograph and chest CT scan is a hyperinflated lobe, typically the left upper lobe or middle lobe. The differential diagnosis on imaging includes bronchial atresia, which is characterized by mucoceles at the end of bronchi; congenital pulmonary airway malformation, which includes cysts attached to airway bronchi; and Swyer-James syndrome, which is an acquired localized emphysema secondary to a bronchopulmonary infection and resultant bronchiectasis. 7 Details of these disease entities and their radiologic features can be found in Table 1 . 8 Understanding these hallmark radiographic features can help identify congenital pulmonary lesions, even when they present well into adulthood.
Radiographic distinction between bronchial atresia and CLE can be particularly difficult. Both diseases have a predilection for the left upper and middle lobes, resulting in segmental or lobar hyperinflation. Bronchial atresia is noted by a segmental airway that did not properly develop, resulting in a blind airway with retained secretions and distal segmental hyperinflation.
Radiographically this can be difficult to distinguish from CLE, as was the case here. In addition, these two entities can exist concurrently in one patient such that bronchial atresia is the initial airways defect that leads to the development of CLE.
Quantitative imaging analysis (QIA), which allows for precise identification of lung tissue density by Hounsfield units (HU), can help differentiate otherwise subtle radiographic diagnoses. This imaging analysis technique can be applied to chest CT images to accurately identify emphysematous lung. 9,10 On the basis of several studies correlating imaging studies with macroscopic and microscopic histopathologic review, a cutoff of less than -950 HU is the most accurate threshold used to identify emphysematous lung. [11] [12] [13] Using this cutoff, QIA software then calculates the percentage of lung volume that meets criteria for emphysema by HU. Six to eight percent of normal lung volume will be less than -950 HU, 9 and therefore if any lobe is occupied by greater than 8% of low-density lung it is considered emphysematous. Data also show that e112 Chest Imaging and Pathology for Clinicians QIA is more accurate at identifying emphysema than subjective chest CT analysis by trained radiologists.
14 Chest CT scanning with QIA has been applied to a prior case report of CLE, and here helped to accurately distinguish it from other congenital or structural abnormalities. 7 In our case, QIA was able to identify two emphysematous lobes, most notably the left upper lobe and a moderately affected middle lobe (Fig 4) , the hallmark features of CLE. While many of the other diagnoses considered here may have decreased lung density or air trapping to some degree, the distribution and diffuse nature of the decreased lung density in the left upper and right middle lobes are characteristic of CLE. Bronchial atresia, on the other hand, tends to affect a segment of a lobe, rather than an entire lobe, and often is accompanied by a mucocele or retained secretions. In addition, these images are distinct from simple hyperinflation or air trapping, which is generally seen only on end-expiratory images. Instead, this patient demonstrates low attenuation and emphysema during inspiration, and hence air trapping alone is less likely.
Our QIA findings clinched the diagnosis of CLE, which presented in a rare and atypical fashion in this 18-yearold woman with a spontaneous left-sided pneumothorax. Bronchial atresia remains a diagnostic consideration in this case, and may in fact coexist in this patient. However, the extent of lobar emphysematous involvement in the left upper and right middle lobes, which was identified by QIA, is most consistent with a diagnosis of CLE.
It should be noted that the chest CT scan performed in this patient was after surgical intervention and pleurodesis. However, since only a small wedge resection was performed, surgical intervention should not have affected the QIA results.
Pathologic Discussion
In about one-half of the cases of CLE, an identifiable bronchial lesion is found on pathologic examination of the lung. In these cases, bronchial cartilage dysplasia, paucity of bronchial cartilage, or bronchial obstruction from mucous plugging or otherwise can be seen. Often CLE is associated with polyalveolosis, resulting in increased total alveolar number, but the normal number of airways and arteries. 15 The remaining CLE cases do not have any identifiable or distinguishing feature on pathology, as was the case with this patient. In these cases, other diagnostic modalities, namely imaging studies, are necessary to make the diagnosis.
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Conclusions
After the diagnosis of CLE was made in this patient, no further workup or treatment was performed. Since she had already undergone pleurodesis of the left lung, her risk of pneumothorax was thought to be low. She had no ongoing symptoms of dyspnea, and as such no surgical intervention on the left upper or right middle lobes was needed. The patient was discharged from the pulmonary clinic and given clearance to return to her athletic activity.
Congenital lobar emphysema is a rare lung disease that typically presents with dyspnea and hypoxia in infancy.
Patients presenting later in life are uncommon, and often the diagnosis of CLE in these cases is difficult to make. Here we describe an adult patient whose first presentation of CLE was a spontaneous pneumothorax. The diagnosis of CLE was made using a novel imaging modality, chest CT scanning with quantitative imaging analysis. When CLE presents as an incidental finding in adulthood, conservative management is recommended.
